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ACFM 

Actual  Cubic  Feet 

Per  Minute 

SCFM 

Standard  Cubic  Feet  Per  Minute 

E.R. 

Expansion  Ratio 

PSI 

Pounds  Per  Square 

Inch 

PSIA 

Pounds  Per  Square 

Inch  Absolute 

PSIG 

Pounds  Per  Square 

Inch  Gauge 

Pn 

Presure  at  'n' 

Vn 

Volume  at  'n' 

a 

Vn 

Volume  Rate  of  Flow  at  ‘n* 
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This  report  is  a  market  survey  and  analysis  of  commercially 
available  flowmeters  for  possible  use  with  the  MK.  12  Surface-Supported 
Diving  System  (SSDS)  -  air  mode.  It  was  found  that  a  differential 
pressure-type  flowmeter  met  the  listed  specifications  most  completely.  A 
mechanical  flowneter  could  not  be  located  for  less  than  $400.00.  Also, 
no  flowmeter  could  be  found  which  did  not  require  some  type  of  conversion 
cable. 


I.  INTRODUCTION 

The  MK  12  Surface-Supported  Diving  System  (SSDS)  may  be  required  to 
have  a  simple,  rugged,  accurate  and  inexpensive  flowmeter  to  monitor,  from 
the  surface,  the  amount  of  air  a  diver  is  receiving  on  the  bottom.  The 
flowmeters  capabilities  for  measurement  should  be  such  that  it  can  work  at  a 
variety  of  temperatures  and  pressures  without  having  to  be  recalibrated,  and 
should  have  a  meaningful  scale  (ACFM  or  SCFM).  This  report  is  a  market 
survey  for  such  a  flowmeter  with  an  explanation  of  why  different  types  are 
or  are  not  desirable. 

II.  SPECIFICATIONS 

1.  1/2  inch  minimum  inside  diameter  to  match  umbilical 

2.  Minimum  working  pressure  -  60  psia 

3.  Maximum  working  pressure  plus  10  percent  -  275  psia 

4.  Flow  measurement  range  -  0.25  -  6.0  ACFM, 

or  2.0  -  85  SCFM 

5.  Work  in  a  multi-angular  environment 

6.  Temperature  range  -  0  -  120°F  preferred 

20  -  100°F  acceptable 

7.  Material  -  resistant  to  a  seawater  environment 

8.  Accuracy  -  _+  5.0  percent  of  full  scale 

9.  Totally  mechanical  if  possible 

10.  Price  -  under  $200.00  per  unit  preferred 

11.  Be  able  to  read  out  in  ACFM  or  SCFM  without  a  conversion  chart  for 
varying  input  pressures  and  temperatures 

12.  Durable  and  reliable 

III.  DISCUSSION 

Presently  the  Navy's  MK  12  SSDS  has  a  Laminar  Flow  Element-type 
flowmeter,  which  reads  in  inches  of  water,  designated  for  its  use.  This 
flowmeter  also  has  a  capsuhelic  gauge  which  is  sensitive  to  the  vertical 
position.  This  type  of  readout  is  confusing  to  supervisors  of  MK  12  SSDS 
diving  operations  as  it  does  not  relate  to  a  standard  measure  of  flow  rate, 
i.e.  SCFM  or  ACFM. 
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Due  to  the  fact  that  air  is  supplied  to  a  diver  at  60  psi  overbottom 
pressure  for  the  200  foot  umbilical,  100  psi  overbottom  pressure  for  the 
600  foot  umbilical,  and  the  expansion  ratio,  an  accurate  flow  of  air  at  the 
diver  is  impossible  to  measure  by  a  mechanical  flowmeter.  A  computer, 
supplied  with  the  depth  of  the  diver,  length  of  the  umbilical,  flow-rate  of 
air  on  the  surface  and  temperature  differential  of  the  air  between  the 
surface  and  divers  depth,  is  needed  to  correlate  the  data.  The  expansion 
ratio  is  the  ratio  of  the  change  in  volume  of  a  gas  as  the  pressure  changes, 
as  stated  in  Boyle's  Law  (P^Vj  =  '^'e  exPansi°n  ratio  is 

explained  in  more  detail  in  the  back  of  this  report. 

A  viable  alternative  to  this  would  be  a  meter  which  could  read  out  in 

actual  cubic  feet  of  air  flow  on  the  surface  and  through  a  simple  chart,  as 

in  Appendix  2,  provide  the  actual  air  flow  to  the  diver  at  depth.  This 
method  neglects  the  compressability  of  air  for  a  temperature  decrease.  This 
will  provide  a  maximum  error  of  approximately  7.39%  or  0.44  ACFM  for  a  worst 
case  analysis  (see  sample  calculations  on  page  6). 

There  are  several  types  of  commercially  available  flowmeters  on  the 
market  today  which  have  outputs  calibrated  in  ACFM  or  SCFM.  They  may  be 
broken  down  into  five  major  categories.  These  are  rotameter,  float, 
transducer,  turbine  and  differential  pressure-type  flowmeters. 

The  differential  pressure-type  flowmeter  is  the  best  choice  with  the 
turbine-type  flowmeter  following  it.  The  other  three  categories  would  not 
be  as  suitable  for  a  diving  environment. 

The  following  criteria  is  used  to  determine  the  above  ranking: 

Only  one  rotameter  presently  on  the  market  could  cover  the  entire  flow 
range  to  be  measured  and  it  could  not  meet  the  maximum  pressure  requirement 
of  273  psia. 

The  float-type  flowmeters  needed  at  least  two  meters  to  cover  the  entire 
flow  range,  which  is  an  added  expense,  and  most  of  them  could  not  reach  the 
low  end  of  the  scale. 

Both  the  rotameters  and  the  float-type  flowmeters  could  only  be 
calibrated  for  one  temperature  and  pressure  and  either  need  calibration 
curves  or  conversion  factors  for  all  other  pressure  and  temperature 
combinations.  This  would  be  time  consuming  and  possibly  confusing  for  a 
busy  dive  supervisor. 

Again,  both  the  rotameters  and  float-type  flowmeters  cannot  be  tilted 
more  than  11°  from  the  vertical  or  their  accuracy  is  nullified  due  to  their 
design.  This  could  result  in  an  error  of  up  to  100  percent  in  the  readout. 
(This  would  cause  a  severe  problem  on  a  diving  platform  in  anything  but  a 
calm  sea.) 

The  transducer-type  flowmeters  are  fragile  and  bulkier  than  the  other 
types  of  flowmeters  because  of  their  electronic  circuitry.  As  well  as  being 
susceptible  to  the  environment,  their  cost  is  prohibitive.  However,  they 
can  measure  air  flows  over  a  wide  range  of  temperatures  and  pressures  with 
good  accuracy. 
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The  turbine-type  flowmeters  are  compact,  totally  mechanical,  insensitive 
to  the  environment  and  accurate  over  the  entire  range  of  pressures  and 
temperatures.  The  problem  with  them  lies  in  the  expensive  and  fragile 
electronic  readouts  that  are  required. 

The  differential  pressure-type  of  flowmeter  is  the  best  choice.  It  is 
simple,  inexpensive,  on  a  relative  scale,  totally  mechanical,  and  its 
accuracy  is  unaffected  by  varying  pressures  and  temperatures.  It  is  also 
unaffected  by  a  multi-angular  environment  with  respect  to  the  vertical. 

For  a  more  detailed  analysis  of  different  models  of  flowmeters,  see 
Figure  1.  Material  on  different  model  flowmeters  is  in  Appendix  3. 

\ 

IV.  CONCLUSION 

From  the  market  survey  conducted,  it  is  clear  that  a  differential 
pressure-type  flovmeter  is  a  viable  alternative  for  the  MK  12  SSDS.  A 
mechanical  gauge  should  be  used  in  conjunction  with  this  flowmeter  to 
provide  a  simple,  rugged,  accurate  and  inexpensive  means  to  measure  the  gas 
flow  going  to  a  diver. 

The  Ellison  Model  AWR-71  Flowsensor  (1/2")  with  an  Eagle  Eye  D.P. 
flowmeter  is  the  best  suited  product  for  this  application.  NEDU  will 
purchase  and  test  this  flowmeter. 
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V.  EXPANSION  RATIO 

The  expansion  ratio  (E.R.)  is  a  number  which  relates  the  change  in  the 
volume  of  a  gas  as  it  goes  from  a  high  pressure  to  a  low  pressure.  This  is 
a  product  of  Boyle's  Law,  PV  =  C,  or  Charle's  Law,  PV/T  =  K,  if  the  effects 
of  temperature  are  incLuded. 

An  example  would  be:  a  diver  at  100  FSW  must  receive  6  ACFM  of  air  to 
purge  his  helmet  of  C02-  The  pressure  at  100  FSW  is  59.2  psia.  The  gas 
(air)  is  supplied  from  the  surface  at  100  psia  overbottom  pressure  for  the 
divers  600  foot  umbilical,  therefore  the  supply  pressure  is  159.2  psia  at 
the  surface.  From  Boyle's  Law,  the  volume  rate  of  flow  at  the  surface  must 
be  less  than  at  the  divers  depth. 


Pi  =  159.2  psia 


Vi  =  ? 


Compressor  Flowmeter 


100  FSW 


V2  =  6  ACFM 
P2  =  59.2  psia 


P^l  =  P2V2 

V1  =  P2V2 
Pi 


V1  =  P2  =  1 
V2  Pi  E.R. 


Pi  =  159.2  =  2.68  =  E.R. 
P2  59.2 


. • .  (Vi>  (E.R.)  =  V2 

.  • .  V,  =6  ACFM 

2.68 

. •  .  Vi  =  2.24  ACFM 

This  principle  may  also  be  illustrated  with  a  72  cubic  foot  steel  SCUBA 
tank  which  has  a  floodable  volume  of  700  in3  or  0.4051  ft3;  at  2250  psi 
this  bottle  holds  the  equivalent  of  62.4  ft3  of  gas  at  atmospheric 
pressure . 


.4051  FT3 
AT 

2250  PSI 


62.4  FT3 
AT 

14.7  PSI 


VI.  CALCULATIONS 


EXPLANATION  OF  SCFM  AND  ACFM: 


SCFM  =  AP  (ATA) 
AP  =  (Pi 


X  ACFM  (Flow  Entering  Meter) 
-  P2)  =  (Pi  -  I  ATA) 


ACFM  =  .1  P  (ATA) 
P2  =  Pi 


X  CFM  (Flow  Entering  Meter) 
.  • .  AP  =  1.0 


High 

Flow  (ACFM)  _ 

Flow  (SCFM) 

Pressure 

,  r 

Ft 

“i 

|  - ^ 

Input 

Pi  >  L 

'  P2  =  1  ATA 

Output 

to 

Atmosphere 
(1  ATA) 


High 

Flow  (ACFM) 

© 

Flow  (ACFM) 

Pressure 

Input 

- ^  [ 

Pi  i - 

?  - * 

$  P2  =  Pi 

High 

Pressure 

Output 


SCFM  measures  gas  flow  with  respect  to  1  /TA  of  pressure. 


ACFM  measures  gas  flow  with  respect  to  the  ambient  gas  pressure. 


A  worst  case  analysis  for  the  expansion  of  air  through  a  pressure 
differential,  neglecting  a  temperature  differential. 

T  Surface  =  70°F  =  530oR 

T  Depth  =  30  °F  =  490°R 

P5  =  248.33  psia 

Pq  =  148.33  psia 

Depth  =  300  FSW 

Vs  =  3.59  ACFM 

VD  =  ?  Should  be  6  ACFM  with  no  4 T 

By  Charles  Law: 


_PjVl  =  P2V2. 

T2 

(248.33)  (3.59)  =  (148.33)  (VD) 

530  490 


VD  =  5.56  ACFM 

V  =  .44  ACFM  =  7.39%  Due  to  neglecting  temperature  considerations 
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Brooks  Instrument  Division,  Emerson  Electrical  Company 

Hatfield,  PA  19440 

215-362-3500 

Cole-Palmer  Instrument  Company 
7425  North  Oak  Park  Avenue 
Chicago,  IL  60648 
1-800-323-4340 

Cox  Instruments 
15300  Fullerton 
Detroit,  MI  48227 
313-838-5780 

Erdco  Enginering  Corporation 
136-T  Official  Road 
Addison,  IL  60101 
312-328-0550 

Ellison  Instrument  Division 
Factory  Representative: 

Control  Center 
1013  E.  Montana  Street 
Orlando,  FL  32803 
305-896-6831 

Fischer  &  Porter 
County  Line  Road 
Warminister,  PA  18974 
215-674-6000 

Flow  Technology,  Inc. 

Factory  Representative: 

Paul  A.  Quinn  Associates 
P.0.  Box  14217 
Tampa,  FL  33690 
813-254-5211 

McMaster-Carr  Supply  Co. 

P.0.  Box  4355 
Chicago,  IL  60680 
312-834-9600 
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LIST  OK  COMPANIES  SURVEYED  (continued) 


Meriam  Instrument  Company 
Factory  Representative: 
Diller,  Brown  and  Associates 
Jacksonv i 1 le ,  FL 
904-269-9405 

Mid-West  Instrument  Company 
286-T  Executive  Drive 
Troy,  MI 
313-585-0900 

RCM  Industries,  Inc. 

P.0.  Box  351 
Orinda,  CA  94563 
415-687-8363 

Teledyne  Hastings-Ray  Dist 
P.0.  Box  1275 
Hampton,  VA  23361 
804-723-6531 

TSI  Inc. 

P.0.  Box  43394 

St.  Paul,  MN  55614 

612-483-0900 

Universal  Flow  Monitors 
1755  East  Nine  Mile  Road 
Hazel  Park,  MI  48030 
1-800-521-6382 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH 
E.R.  =  EXPANSION  RATIO 


The  following  table  will  have  to  be  used  in  conjunction  with  any 
flowmeter  designated  for  use  with  a  diving  rig.  For  each  depth,  desired 
flow  rate  at  the  divers  helmet,  and  overbottom  pressure,  the  actual  flow  on 
the  surface  must  be  cross-referenced  from  this  table. 

Example :  A  diver  is  at  100  FSW  with  a  60  PSI  overbottom  pressure  doing 
heavy  work.  To  supply  him  with  6  ACFM  of  air  at  the  bottom,  2.99  ACFM  of 
air  must  be  registered  on  the  flowmeter  on  the  surface. 


ACFM  AT 

HELMET 

*ACFM  AT  60  PSI 

OVER  BOTTOM  PRESSURE 

*ACFM  AT  100  PSI 
OVER  BOTTOM  PRESSURE 

DEPTH:  0 

FSW 

E.R. 

=  5.08 

E.R. 

=  7 .80 

2 

2/5 .08  = 

.40 

2/7 .80  = 

.26 

4 

II 

00 

o 

vn 

<1- 

.79 

4/7.80  = 

.51 

6 

6/5.08  = 

1.18 

6/7.80  = 

.77 

DEPTH:  10 

FSW 

E.R. 

=  4.13 

E.R. 

=  6.22 

2 

.49 

.32 

4 

.97 

.64 

6 

1 

.45 

.97 

DEPTH:  20 

FSW 

E.R. 

=  3.54 

E.R. 

=  5.24 

2 

.56 

.38 

4 

1 

.13 

.76 

6 

1 

.69 

1.15 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT 

HELMET 

*ACFM  AT  60  PS I 

OVER  BOTTOM  PRESSURE 

*ACFM  AT  100  PS I 
OVER  BOTTOM  PRESSURE 

DEPTH:  30  FSW 

E.R.  =  3.14 

E.R.  =  4.56 

2 

.637 

.44 

4 

1.27 

.87 

6 

1.91 

1.31 

DEPTH:  40  FSW 

E.R.  =  2.85 

E.R.  =  4.07 

2 

.70 

.49 

4 

1.40 

.98 

6 

2.10 

1.47 

DEPTH:  50  FSW 

E.R.  =  2.62 

E.R.  =  3.71 

2 

.76 

.54 

4 

1.53 

1.08 

6 

2.29 

1.62 

DEPTH:  60  FSW 

E.R.  =  2.45 

E.R.  =  3.41 

2 

.82 

.59 

4 

1.63 

1.17 

6 

2.45 

1.76 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT 
HELMET 


*ACFM  AT  60  PSI 
OVER  BOTTOM  PRESSURE 


*ACFM  AT  100  PSI 
OVER  BOTTOM  PRESSURE 


DEPTH:  70  FSW 

E.R.  =  2.31 

E.R.  =  3.18 

2 

.86 

.63 

4 

1.73 

1.26 

6 

2.59 

1 .89 

DEPTH:  80  FSW 

E.R.  =  2.19 

E.R.  =  2.99 

2 

.91 

.67 

4 

1.83 

1.34 

6 

2.74 

2.00 

DEPTH:  90  FSW 

E.R.  =  2.09 

E.R.  =  2.83 

2 

.96 

.74 

4 

1.91 

1.41 

6 

2.87 

2.12 

DEPTH:  100  FSW 

E.R.  =  2.01 

E.R.  =  2.69 

2 

.99 

.74 

4 

1.99 

1.49 

6 

2.99 

2.23 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT 

HELMET 

DEPTH:  110  FSW 

★ACFM  AT  60  PS I 

OVER  BOTTOM  PRESSURE 

★ACFM  AT  100  PSI 
OVER  BOTTOM  PRESSURE 

E.R.  =  1.94 

E.R.  =  2.57 

2 

1.03 

.78 

4 

2.06 

1.56 

6 

3.07 

2.33 

DEPTH:  120  FSW 

E.R.  =  1.88 

E.R.  =  2.47 

2 

1 .06 

.81 

4 

2.13 

1.62 

6 

3.19 

2.43 

DEPTH:  130  FSW 

E.R.  =  1.83 

E.R.  =  2.38 

2 

1.09 

.84 

4 

2.18 

1.68 

6 

3.28 

2.52 

DEPTH:  140  FSW 

E.R.  =  1.78 

E.R.  =  2.30 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT  *ACFM  AT  60  PSI  *ACFM  AT  100  PS I 

HELMET  OVER  BOTTOM  PRESSURE  OVER  BOTTOM  PRESSURE 


DEPTH 

:  150 

FSW 

E.R.  =  1.74 

E.R.  =  2.23 

2 

1.15 

.90 

4 

2.30 

1.79 

6 

3.45 

2.69 

DEPTH 

:  160 

FSW 

E.R.  =  1.70 

E.R.  =  2.16 

2 

1.18 

.92 

4 

2.35 

1.85 

6 

3.53 

2.78 

DEPTH 

:  no 

FSW 

E.R.  *  1.66 

E.R.  =  2.11 

2 

1 .20 

.95 

4 

2.41 

1 .89 

6 

3.61 

2.84 

DEPTH 

:  180 

FSW 

E.R.  =  1.63 

E.R.  =  2.05 

2 

1  .23 

.97 

4 

2.45 

1 .95 

6 

3.68 

2.93 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT 
HELMET 


*ACFM  AT  60  PSI  *ACFM  AT  100  PSI 

OVER  BOTTOM  PRESSURE  OVER  BOTTOM  PRESSURE 


DEPTH:  190  FSW  E.R.  =  1.60  E.R.  °  2.01 

2  1.25  -99 

4  2.50  1-99 

6  3.75  2.98 

DEPTH:  200  FSW  E.R.  =1.58  E.R.  =  1.96 

2  1.26  1.02 

4  2.53  2.04 

6  3.80  3.06 


DEPTH:  210  FSW 
2 
4 
6 


LIMIT  OF  200' 
UMBILICAL 


E.R.  =  1.92 
1.04 
2.08 
3.12 


DEPTH:  220  FSW 
2 
4 
6 


E.R.  =  1.89 
1.05 
2.12 
3.17 


B-7 


APPENDIX  B 


TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT 
HELMET 


*ACFM  AT  100  PSI 
OVER  BOTTOM  PRESSURE 
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TABLE  OF  SURFACE  (LFE)  ACFM  TO  ACHIEVE 
2,  4  AND  6  ACFM  AT  DEPTH  (continued) 
E.R.  =  EXPANSION  RATIO 


ACFM  AT  *ACFM  AT  100  PSI 

HELMET  OVER  BOTTOM  PRESSURE 


DEPTH:  270  FSW 
2 
4 
6 

DEPTH:  280  FSW 
2 
4 
6 


E.R.  =  1.74 

1.15 
2.30 
3.45 

E.R.  =  1.72 

1.16 
2.32 
3.49 


DEPTH:  290  FSW 
2 
4 
6 


E.R.  =  1.69 
1.18 
2.37 
3.55 


DEPTH:  300  FSW 
2 
4 
6 


E.R.  =  1.67 
1.20 
2.39 
3.59 


*  60  PSI  OVER  BOTTOM  PRESSURE  IS  USED  WITH  THE  200  FOOT  UMBILICAL 

*  100  PSI  OVER  BOTTOM  PRESSURE  IS  USED  WITH  THE  600  FOOT  UMBILICAL 
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APPENDIX  C 

REPRESENTATIVE  PRODUCT  INFORMATION  FOR 
THE  FIVE  TYPES  OF  FLOWMETERS  STUDIED 


C-l 


EYE  MAKES 


-  Ji*  ■>  Ai.  ■ . 
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FLOW  ANO  FILTER  METER  SYSTEMS 


FILTER  METERS 

They  are  used  to  accurately  monitor  the  contamina¬ 
tion  level  acrossall  types  of  filters  Only  with  depend¬ 
able  accuracy  can  filter  cleaning  or  replacement 
cycle  be  optimized. 


FLOW  METER 

Only  Annubar  Flow  Sensors*  are  used  with  EAGLE 
EYE  Meters*  to  complete  EAGLE  EYE  Flow  Met<  < 
Sets. 

The  patented  Annubar  sensor  is  a  thoroughly  de¬ 
pendable  flew  element,  proven  in  tens  of  thousands 
of  industrial  and  commercial  applications 

Annubars  are  approved  by  applicable  spec  hrabens 
and  codes,  including  United  States  Government  GSA 
Specification  PBS:  4-1590. 


’Parents  and  trademarks  for  both  Eagle  Eve  and  Annubar  are 
issued  or  pending  worldwide 


BETTER  ENGINEERING. 
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HERE’S  HOW  IT 

WORKS . .  . 

(T)  INPUT  SIGNAL -All  EAGLE  EYE  Flow  Meter  Sets  use  the 
patented  Annubar  Flow  Sensor  to  detect  the  rate  of 
flow  being  measured. 

For  applications  other  than  flow,  the  EAGLE  EYE  O  P. 
Meter  is  recommended.  It  is  used  for  measuring  filter 
contamination,  pump  performance,  tank  levels  and 
many  other  input  signals. 

L 

TRANSDUCER  —  The  input  signal  is  carried  to  the 
EAGLE  EYE  Meter  through  standard  tubing.  Here  one 
signal  is  applied  to  each  side  of  the  low  displacement 
diaphragm.  The  diaphragm  senses  the  difference  in 
pressures  and  produces  axial  motion  .  None  ot  the  meas¬ 
ured  fluid  ever  contacts  the  indication  section  of  the 
meter 

J 

TECHNICAL  DATA 
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FLOW  AND  D.P./ FILTER  METERS 


ACCURACY  —  EAGLE  EYE  Flow  Meter  Sets  are  guaranteed 
accurate  to  within  ±  1.8%  of  full  scale  flow  for  pipes  from 
/a”  to  5"  and  -2.2%  for  pipes  5"  and  larger.  Eagle  Eye  D  P./ 
Filter  Meters  are  guaranteed  accurate  to  within  ±  1.5%  of  F.S. 

TRANSDUCER  —  Singlelow  displacement  dry  diaphragm  . . . 
“fill  fluids”  are  not  required. 

MOVEMENT  — Permanent  magnet  drive  to  shock-proof 
jewel-mounted  pointer  shaft. 

SCALE  SIZE -2’4"  x  6" 

WETTED  METAL  PARTS-Type  316  Stainless  Steel. 

OTHER  WETTED  MATERIALS  -  Neoprene,  Elmite  re¬ 
inforced  with  fiberglass  and  standard  connecting  tubing 
of  nylon  or  other  materials  as  shown  in  “F"  Table. 

RANGE  ADJUSTMENT  — Externally  variable  with  locking 
screw. 

CONNECTIONS  —  High  and  Low  Pressure  Connections  at 
either  top  or  bottom. 

BLEED  VALVES  — Screw  type  with  front  or  back  access. 
Two  furnished  unless  otherwise  specified. 


ZEROING  CONTROL  — Screw  type,  range  *■  'A  of  F  S. 

PULSATION  CONTROL  — Variable  response  from  0  01  to 
5.0  sec.  time  constant. 

EQUALIZE  CONTROL—  l’.y  turn  full  open  cross-cavity  inte¬ 
gral  valve. 

OVERPRESSURE  —  Full  rated  static  pressure  to  either  con¬ 
nection  without  calibration  loss. 

FRONT  PANEL  — Cast  aluminum  with  weather  seal  and 
shock  mounted  glass  panel. 

SAFE  STATIC  PRESSURES  &  TEMPERATURES  —  Al  ord.n.iry 

ambient  operating  temperature  meters  have  a  safe  work¬ 
ing  pressure  rating  of  300  PS)  121  Kg /cm-)  with  most  gases, 
liquids  and  vapors  having  line  temperatures  from  .10' to 
+  400°F  (-  40°  to  +  205°C).  .  .  see  Operating  Insti uct-ons, 
form  E- 144  and  Chemical  Resistance  Chart,  page  9. 

Safe  working  pressures  for  meters  usea  at  other  than  ordi¬ 
nary  ambient  operating  temperatures  are  shown  be'o.-. 
-  10°  to  -i-  100°  F  =  300  PSI 
+  100°  to  +  140°  F  =  200  PSI 
+  140°  to  +  180°  F  =  100  PSI 
for  gases  only  +  180°  to  +  220°  F  =  50  PSI 


OPTIONAL  ELECTRICAL  SWITCHING  -  FOR  ALL  METERS 


CONTROL  SETPOINTS  — Two  setpoints  are  provided  with 
pointers  to  show  switch  settings. 

Setpoints  are  independently  adjustable  from  front  of 
meter.  Controls  are  available  as  either  hidden  or  exposed, 

OUTPUT  — SPDT  relay  outputs  are  supplied  for  each  set- 
point.  Contact  ratings  are  5  amps,  at  28  VDC  or  115  VAC 
50/60  Hz,  resistive.  And,  2.5  amps,  at  240  VAC  50/60  Hz. 
resistive. 

POWER  REQUIREMENTS- 105-130  VAC  50/60  Hz,  2 
Watts,  also  available  for  220-260  VAC  50/60  Hz,  4  Watts. 


OPERATING  TEMPERATURE  RANGE  — 0°F  to  +  130°F 
Ambient.  -  18°C  to  +53°C. 

ACCURACY  &  REPEATABILITY- ±  1’/,%  FS. 

DEADBAND  — K%  FS. 

MINIMUM  DIFFERENCE  BETWEEN  SETPOINTS-5%  FS 

CUSTOMER  CONNECTIONS  —  Screw  terminals  with  integral 
wire  clamps,  on  barrier  type  strip. 

ELECTRICAL  ENCLOSURE —Weather  tight  housing  with 
V,"  NPT  conduit  tap. 


SENSORS 
FOR  FLOW 
METER  SETS 


PRODUCT  DATA 

from 

FLOW  TECHNOLOGY.  INC. 
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lECBNOlOCnCHIEVfO 

4250  IASI  BROADWAY  ROAD  ■  P.O.  BOX  21346  ■  PHOENIX.  ARIZONA  8S036  ■  PHONE  (602)  268-8776  ■  TELEX  668-344 


STANDARD  LINE  TURBINE  FLOWMETERS 


•  FLOW  RATES  FROM  0.03  TO  20,000 
GALLONS  PER  MINUTE 

•  LIQUID  OR  GAS  MEASUREMENT 

•  TEMPERATURES  FROM  — 430°F.  TO  +  750°F. 

•  HIGH  ACCURACY 

•  DYNAMIC  FLUID  THRUST  BEARING 

•  HIGH  OVERSPEED  CAPABILITY 

•  LOW  MASS  ROTOR  FOR  HIGH  DYNAMIC 
RESPONSE,  LONG  BEARING  LIFE 

•  WIDE  CHOICE  OF  MATERIALS 

•  ADDED  SAFETY  OF  BOTH  UPSTREAM  AND 
DOWNSTREAM  ROTOR  SUPPORTS 

•  LOW  PRESSURE  DROP 

'f.’ 

Basically  the  FlOW  TECHNOLOGY,  INC.  Standard  Line 
Turbine  Flowme'er  is  a  miniature  propeller  suspended  in  a 
pipe.  This  freely  suspended  axial  turbine  is  rotated  by  the  flow 
of  fluid  —  gas  or  liquid  —  through  the  flowmeter.  The  rota¬ 
tional  speed  of  the  turbine  if  proportional  to  the  velocity  of  the 
fluid  Since  the  flow  passage  is  fixed,  the  turbine's  rotcitional 
speed  is  also  a  true  representation  of  the  volume  of  fluid  flow¬ 
ing  through  the  flowmeter  This  volume  can  be  expressed  as 
gallons  per  minute,  liters  per  minute,  cubic  feet  per  minute,  or 
various  other  engineering  units. 

This  idea  is  very  old.  Flowmeters  based  on  the  water  wheel, 
a  similar  principle,  have  been  used  for  centuries  However, 
’echnology  has  developed  the  turbine  flowmeter  to  an 
outstanding  level  of  accuracy,  linearity,  durability  and  relia¬ 
bility. 

There  is  no  direct  physical  connection  other  than  the  turbine 
bearings  between  the  turbine  and  its  housing  The  rotation  of 
the  turbine  is  sensed  through  the  flowmeter  body  by  an  ex- 
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OVER  25  YEARS  OF  TURBINE  FLOWMETER 
EXPERIENCE  GOES  INTO  EVERY 
FTI  TURBINE  FLOWMETER 

FlOW  TECHNOLOGY,  INC.  engineers  helped  develop  the  first 
axial  turbine  flowmeters  over  25  years  ago.  Because  of  con¬ 
tinual  development  and  improvement,  FTI's  turbine  flowmeters 
have  paced  the  state  of  the  art.  Fluid  flow  measurement  is  FTI's 
only  business;  we  have  to  be  very  good  at  it. 

DESCRIPTION 

ferna/ly  mounted  p ickott  on  the  surface  directly  above  the  flow¬ 
meter  rotor.  The  rotation  of  this  turbine  rotor  produces  a  tram 
of  electrical  pulses  in  the  pickoff  The  frequency  of  these  pulses 
is  directly  proportional  to  the  volume  flowrate.  The  pulses  can 
then  be  transmitted  to  appropriate  read  out  electronics  near 
the  flowmeter  or  at  a  remote  location.  They  can  be  amplified, 
counted,  interfaced  with  computer  terminals  and  used  to 
measure  and  control  fluid  flow.  The  pulse  train  can  be 
processed  in  any  digital  system. 

It  is  necessary  to  translate  the  pulses  into  meaningful  infor¬ 
mation.  Flow  Technology,  Inc.  manufactures  a  complete  line  of 
electronic  devices  for  that  purpose.  These  units  can  display  flow 
rote  in  any  engineering  units,  either  01.  xlog  or  digital.  There 
are  also  digital  totalizers  with  LED  or  mechanical  counters  as 
well  as  batch  controllers  and  blind  converters  which  change 
signals  into  a  format  required  to  interface  a  customer's  built  in 
system. 
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SIZES  &  SPECIFICATIONS 
LIQUID 


")rr,'r.“.v:sr' 

. . . . . 

Nominal 

Normal  Flow  Range  (U.S.  GPM)  1 

Extended  Flow  Range  (U  S  GPM)  j 

Approximate  *  * 

Approximate  K  '  2< 

i  Model  No. 

End  Fitting 

Minimum 

Moximum 

Minimum" 

Maximum 

Frequency 
Output  (CPS) 

Factor  PuUes  H 

j? 

Siie  ( In  ) 

. 

Journal 

Boll 

Per  Gallon  |« 

\  fl4H 

0  25 

2  5 

0  06 

0  03 

3 

2300 

55000  (• 

,1  f  T  6  8 

1 2 

0  5 

50 

0  1 

0  05 

5 

2)00 

t? 

25000  £ 

;  F,p8 

*; 

0  75 

7  5 

0  16 

0  08 

B 

2000 

16000  £ 

\  M  8 

1  J 

1  0 

100 

0? 

0  1 

10 

2000 

1 2000  | 

2  fT  10 

1  25 

12  5 

0  2 

0  15 

15 

1700 

8300  | 

>  FT-1? 

*4 

20 

20 

0  33 

0  25 

25 

2000 

6000  £ 

i  M  16 

1 

5  0 

50 

06 

0  6 

60 

2000 

2400  j? 

"2° 

1  *4 

90 

90 

0.9 

09 

90 

1950 

1300  S 

!  FT  24 

1  'J 

15 

150 

1.5 

15 

150 

1500 

600  \ 

r  h  32 

2 

20 

225 

2  5 

- - - 

2.5 

250 

1300 

350  ji 

jj  FT-40 

2’t 

30 

400 

4  5 

4.5 

450 

650 

ioo  r 

fT  48 

3 

40 

650 

7  5 

7  5 

750 

812 

75  £ 

*}  FT  64 

4 

75 

1250 

15 

15 

1500 

625 

30  E 

i  FT  80 

5 

90 

.  .. 

2000 

25 

25 

2500 

300 

9  1 

\  FT- 96 

6 

130 

3000 

35 

35 

3500 

... 

...  | 

j  FT  |?8 

8 

250 

5500 

60 

60 

6000 

... 

f 

5  FT  160 

10 

400 

8500 

100 

100 

10000 

... 

\  FT- 19? 

12 

550 

12000 

150 

150 

15000 

... 

jy 

jj  FT  224 

14 

750 

16000 

200 

200 

20000 

... 

Jsk'iytHtt1: %•'  5R3fe 

Other  sires  ovoilubUv  check  with  factory  *  The  extended  range  requires  an  active  (RF)  pirkoff  and  a  Range  Extending  Amplifier 

The  data  is  bos*d  on  a  liquid  with  a  S  G  of  f  and  a  viscosity  of  f  centistofce  Mode)  IF  A  300  f  or  meter  \  7''  and  smoUer 

flow  Rotes  and  frequencies  other  fhon  shown  available  upon  request.  4  *  At  maximum  of  rtormol  flow  range.  4  **  Consult  factory 


“1  SIZES  &  SPECIFICATIONS 
GAS 


i  Model  No. 

TKITOffSEBBr 

Nominal 

End  Fitting 
Sue  (In.) 

Normal  Flow  Range 
(ACFM) 

Tsaxa  rmsaitsest?...  g.  i'awusMP 

Exlended  Flow  Range 
(ACFM) 

Approximate "  * 
Frequency 
Output  (CPS) 

i> 

Approximate  "K"  Jj* 
Factor  Pul»e» 

Per  Cu.  Ft.  & 

Minimum 

Maximum 

Minimum 

Maximum 

FT  4  ft 

1 ; 

0  25 

2  5 

0  2 

3 

2300 

55000  £ 

fT  A  8 

0  5 

5.0 

*■ 

0.25 

*  5 

2100 

25000  fr 

FT  8  8 

't 

0  75 

7  5 

0  4 

8 

2000 

16000  £ 

FT  8 

•» 

t.o 

100 

0  5 

10 

2000 

1 2000  | 

j  ft  10 

1.25 

1?  5 

0  6 

15 

1700 

8300  fi 

..  t i 

j  FT  1? 

2 

20 

l  0 

25 

2000 

6000  £ 

jj  FT  16 

1 

5 

50 

15 

60 

2000 

?4(K>  jj 

B  fI  70 

1  '4 

9 

90 

2  25 

90 

1950 

1 300  £ 

Q  M  94 

1  '? 

'5 

150 

_ ..  I75 

150 

1500 

600  t 

jj  ft  32 

2 

20 

225 

5 

250 

1300 

3  SO  f 

y  FT  40 

2 '  j 

30 

400 

9 

450 

650 

100  i 

|  FT  48 

3 

40 

650 

15 

750 

00 

■sj 

.  i 

B  FT  64 

4 

75 

1250 

30 

1500 

625 

30  p 

Q  FT  80 

5 

90 

2000 

50 

2500 

300 

9  f 

HfT  96 

6 

130 

3000 

70 

3500 

•van.  wieaaageucl 

The  above  do*o  is  based  on  ait  at  CiO^f  and  14  7  psi  for  meters  with  boll  beorings  Goses  with  less  density  will  have  a  mo»e  limited  'O^qe 

*  4  At  moiiinvm  of  npimol  flow  ronge  *  44  Consult  focto'y 
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4250  EAST  BROADWAY  ROAD  ■  P.O.  BOX  21346  ■  PHOENIX,  ARIZONA  85036  ■  PHONE  (602)  268-8776  ■  TELEX  668-344 


MODEL  PRI-3 
DIGITAL 
PULSE  RATE 
INDICATOR 


FEATURES 


0  SELECTIVE  ENGINEERING  UNITS 


9  LARGE  LED  DISPLAY 


COMPACT  —  LIGHT  WEIGHT 


AC  OR  DC  OPERATION 


FRONT  PANEL  "FINE"  TUNING 


3  PRI-3  APPLICATIONS 


Process  rate,  flow,  frequency  indication  ond  control 

Computer  controlled  data  acquisition 

Environmental  emission  rate  monitoring 

”On  board"  automotive,  marine  or  aircraft 
instrumentation 


PRI-3  PROGRAMMABLE  RATE  INDICATOR 

The  Flow  Technology,  Inc.  Model  PRI-3  3  V?  digit  Rate 
Indicator  is  designed  for  rate  measurements  in  engineer¬ 
ing  units  such  as  feet  per  minute,  gallons  per  minute,  cu¬ 
bic  meters  per  second,  liters  per  second,  etc.  The  unit  ac¬ 
cepts  input  signals  from  pulse  and  sine  wove  sources. 

Packaging  is  rugged  and  light  weight  because  of  the 
compact  enclosure.  The  enclosure  is  constructed  of  high- 
impact  plastic  which  is  designed  to  keep  the  circuitry  free 
from  dust  and  other  contaminates.  The  digital  display  is 
designed  for  maximum  readibility.  Large  bright  red  LED 
digi*s  provide  easy  viewing,  and  eliminate  glare  and  in¬ 
terpretation  problems. 

Four  power  input  options  are  available  providing  un¬ 
restricted  usage  of  the  unit  world-wide.  These  options  in¬ 
clude  both  AC  and  DC  operation  capabilities. 

Programming  of  the  Model  PRI-3  is  accomplished 
from  the  front  without  removing  the  unit  from  the  case. 
Function  switches  are  provided  for  type  of  input  selec¬ 
tion,  output  pulse  selection,  scaling  of  the  digital  disploy 
and  time  response  selection.  Fine  tuning  is  accomplished 
from  the  front  by  potentiometer  adjustment. 

The  analog  output  signal  is  also  ad|usted  from  the 
front  of  the  unit.  A  separate  span  potentiometer  hos  been 
provided  for  this  feature. 
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PRI-3  SPECIFICATIONS 


FUNCTION 


SIGNAL  INPUT 
Configuration 
Input  Impedance 
Input  Frequency 
SINE  WAVE  INPUT 
Input  Voltage 
PERFORMANCE 
Accuracy 
Resolution 
Time  Response 

ANALOG  TO  DIGITAL  CONVERSION 
Technique 
OUTPUTS 

Digital  Parallel  BCD  (Optional) 

PULSE  OUT 

ANALOG  OUTPUT 
Voltage 
Current 
DISPLAY 
Type 
POWER 

Choice  of  4  Power  Inputs 


ENCLOSURE 
Dimensions 
Panel  Cutout 
OPTIONS 
Parallel  BCD 

Enclosure 

line  Noise  Suppressor 
Explosion-Proof 


Weatherproof 


DESCRIPTION 

User  selectable  for  sinewave  or  pulse  input 
Floating  and  isolated,  DC  coupled 
100K  ohm  in  parallel  with  1000  pF 
0  to  10  KHz 

3mVp  p  to  300Vp  p 

±0  05%  of  reading  +1  count 
0  05%  for  2000  counts 

User  selectable  in  16  steps  from  0  35  sec  to  20  sec. 

Dual  Slope  with  automatic  zero,  2.5  conversions  per  sec 

15  Parallel  fines  provide  latched  and  buffered  BCD  output  POf  ARITY,  and  PRINT 
command.  All  are  T T L  DTl  and  CMOS  compatible,  2  TTL  loads  each 

User  selectable  for  true  or  inverted  output  0  to  4  5VDC  swing  DTL,  TTL  and 
CMOS  compatible;  3  TTL  loads 

0  to  +  5VDC  output 

2mA  drive  capability  short  circuit  protected 

Seven  segment  planar  LED,  ted.  0  43”  1 1  1  mm)  high 

+  5VDC  ±5°o  a  170mA  nominal 
+  8  to  +28VDC  a  90mA  nominol 

1 1 0  VAC  RMS  _±20%,  47  to  500  Hz  a  1 .6  Watts  nominol  1 88  to  1 32  VAC  input 
range) 

220  VAC  RMS  ±20%,  47  to  500  Hz  a  1 .6  Wotts  nominol  ( 1  76  to  264  VAC  input 
range) 

DIN/NEMA  standard,  high  impact  molded  plastic  case 
3. 79”  W  *  1.89”  H  *  4  38"  D 
3.53"  x  1.78” 

1  5  parallel  lines  provide  latched  and  buffered  BCD  output,  POLARITY  and  PRINT 
command.  All  are  TTL  DTL  and  C  mos  compatible,  2  TTL  loads  each. 

Metal  case  same  dimensions  as  plastic  for  increased  RFl  immunity 
Additional  AC  power  line  fitter  for  increased  RFl  immunity 
Nelson  7TFW555  NEMA  7 
6  25”  W  x  6.25"  H  x  7  13”  D 

Hoffman  Fiberglass  A  865JFG  NEMA  3,  3R,  4,  4X  and  13 
8.00”  L  x  6.5”  W  x  5  44”  D 


FOR  ADDITIONAL  INFORMATION 
CONTACT  FTI  OR  YOUR  FTI  REPRESENTATIVE: 


RRlMTf  IN  u  f  A 


DS  3604-3609 


THE  MEASURE  OF  EXCELLENCE 


DESIGN 

SPECIf  (CATIONS : 


Hi-Pressure  (All  Metal)  Thru-Flow 
Indicator  Models  3604  and  3609 

January,  1981  (Supersedes  issue  dated  May  '80) 


Description 

The  Hi-Pressure  flow  rate  indicator  is  a  rugged,  yet  inexpen¬ 
sive  flow  meter  for  flow  rate  indication  at  elevated  pressures. 
Flow  rate  is  measured  by  the  movement  of  a  metering  plug,  or 
float  in  a  fixed  orifice.  Indication  is  provided  by  means  of 
magnetic  coupling  in  the  float,  which  in  turn  affects  another 
magnet  in  the  rear  of  the  indicator,  transferring  flow  rate  to 
the  dial  indicator  mounted  on  the  front  of  the  metal  tube. 


Design  Features 

Mounts  directly  in  vertical  line  £ 

Non-rotating  guided  float 

NPT  (Model  3604)  or  flanged  (Model  3609)  connections 
Standard  water  scales  in  GPM  or  GPH 
Weatherproof  indicator  case 
No  float  extension  below  inlet 


Specifications 

FLOWMETER  WITH  STANDARD  INDICATOR 
SCALES 

Type:  Direct  reading  or  percent  scale 

Graduations:  GPM  or  GPH  water  flow  (Std.),  Percent  of 
maximum  flow 
Length:  4"  nominal 

RATINGS 

Max.  Pressure:  Threaded  Meters  -  Up  to  1500  psi  at  400°F 
Flanged  Meters  -  Determined  by  rating  of  flanges  used. 

PERFORMANCE 

Accuracy:  Industrial  accuracy  -  ±5%  of  full  scale.  Calibrated 
accuracy:  ±3%  of  full  scale. 

Repeatability:  £1%  full  scale 


Materials  of  Construction 

TUBE:  316  Stainless  Steel 

FLOAT :  316  Stainless  Steel 

METERING  ORIFICE:  316  Stainless  Steel 

INDICATOR  CASE:  Cast  Aluminum 

ALARM  HOUSING:  Aluminum,  Non-weatherproof  1 

O-RINGS  Viton* 


n 


Model  36040 


Capacities 


Meter 

Size 

Conn. 

Size 

Flow  Rat^Water 

Flow  Rate  {Air 
(Note  2)  — " 

Pi  ess. 
Drop 

(Note 

Min. 

Max. 

Min. 

Max. 

(PSD 

1 .5  gph 

15  gph 

6  0  scfh 

60  sclh 

5.0 

3.0  gph 

30  gph 

1 2  0  sclh 

120  sclh 

5  0 

8 

V," 

5.0  gph 

50  gph 

20.0  scfh 

200  sclh 

4.5 

10.0  gph 

100  gph 

40,0  sclh 

400  scfh 

;.5 

18.0  gph 

1 80  gph 

1 .2  scfm 

12  scfm 

4.5 

30.0  gph 

300  gph 

2.0  scfm 

20  scfm 

4  5 

1  gpm 

5  gpm 

1.5 

10 

1" 

1  gpm 

1 0  gpm 

Note  3 

1.5 

1  gpm 

1 5  gpm 

1  5 

12 

17*” 

5  gpm 
10  gpm 

30  gpm 
50  gpm 

Note  3 

3  0 
3.5 

13 

2” 

10  gpm 
10  gpm 

80  gpm 

1 00  gpm 

Note  3 

4.0 

4.5 

Notes:  1.  Available  flange  ratings:  150  lbs.,  300  lbs  ,  600  lbs. 

2.  1/2  inch  size  requires  minimum  50  psig  operating  pressure  A' 

for  gas  service. 

3.  Not  recommended  for  gas  flow. 


Is 

IZMI-RSON. 


frank  A.  Jftomas  Co.,  Inc. 

P.O.  BOX  6415 
^OEIlLf ,  ALABAMA  3666Q 
§q5/^76-7837L 


BROOKS  INSTRUMENT  DIVISION  EMI  RSON  ELECTRIC  CO  HATFIELD,  PENNSYLVANIA  .<-.10 

TELEPHONE  1215)  36?  3500  ’fcLEX  B«61P: 


Optional  Equipment 

Alarm  Switches  -  Single  or  Dual.  One  millisecond  make  and 
break;  Rhodium-plated  contacts  rated  at  0.25  amperes  115 
v  ac  resistive  load. 

Alarm  Relays  —  SPOT,  DPDT,  TPDT.  Relays  must  be  mount¬ 
ed  remotely. 


Ordering  Information 

To  order,  please  specify  ; 
Model  no.  and  size  flowmeter 
Flange  material 
Fluid  and  flow  range 
Temperature  °F 


Pressure  (psig) 

Specific  gravity,  viscosity 
Optional:  Alarm,  no.  of 
switches  and  number 
of  relays 


Dimensions  (For  certified  dimension  prints,  write  to  factory.) 


MODEL  3604 D 

MODEL  3609D 

Conn.  Size 

A 

B 

c 

Conn.  Size 

D 

E 

F 

150  lb. 
Flange 

300  lb. 
Flange 

600  lb. 
Flange 

150  lb. 
Flange 

300  lb. 
Flange 

600  lb. 
Flange 

3604D/ 
3609  D 

1/2“ 

6-11/16” 

1-1/16“  hex 

1-45/64“ 

1/2" 

8  7/8" 

6-15/16" 

9-7/16” 

2-1/2” 

2-17/32“ 

2-25/32“ 

3-9/16“ 

1" 

10-1/2" 

2*'  hex 

2-3/4“ 

1" 

12-5/8" 

13-3/8" 

13-7/8“ 

3-13/16" 

4-3/16“ 

4  7/16" 

4-1/2“ 

1-1/2” 

11-3/4“ 

2-1/2“  hex 

3-9/16" 

1-1/2" 

14-3/4" 

15-3/8“ 

16-1/8“ 

5-1/16” 

5-3/8“ 

5-11/16“ 

4-7/32“ 

2" 

12-5/8" 

3“  hex 

4" 

2" 

16  1/8" 

16-3/4“ 

17-5/8“ 

5-3/4" 

6-1/16“ 

6-7/16” 

4-15/32“ 

Modal  3604D 


Model  3609D 


•TRADEMARK:  E,  I.  DuPont  de  Nemours  &  Co. 


Specifications  subject  to  change  without  notice. 


Printed  in  U  S. A. 


Flowmeters:  Sight  glass 


Calibrated  and  correlated  flowmeters  . . . 

high-precision,  low-cost,  easy-to-use  meters 


•  High  precision — Each  flowmeter  individually  calibrated 
with  air  to  establish  physical  constants  of  meter 

•  Accuracy  is  2%  of  reading  or  1  scale  division,  whichever 
is  greater 

•  Easy  to  read— Permanent  ceramic  scale  and  white 
background  make  divisions  stand  out  for  easy  reading 

•  Calibration  curve  for  any  fluid  can  be  calculated  if  only 
the  density  and  viscosity  are  known 

•  No  calculating  needed  for  air  or  water  flow— Each  ser¬ 
ialized  meter  comes  with  its  own  calibration  curve  giving 
flows  for  air  and  water  directly 

•  Corrosive-resistant— Fluid  touches  glass  and  Teflon* 

Gilmont  flowmeters  are  manufactured  to  extremely  close  toler¬ 
ances  to  provide  the  greatest  precision  available  for  spherical  float 
flowmeters.  They  are  available  in  five  sixes  to  cover  the  full  range  of 
flows  normally  encountered  by  spherical  floats.  The  three  smaller 
sizes  are  plain  tapers,  while  the  two  larger  sizes  are  beaded  tubes  to 
give  stability  where  needed. 

A  new  theory  of  correlation  based  on  a  dimensionless  combination 
of  Stokes  law  and  flow  coefficients  makes  it  simple  to  calculate  the 
calibration  of  any  fluid  with  high  precision;  only  the  density  and 
viscosity  of  the  fluid  at  the  conditions  of  flow  are  required  Each 
meter  comes  with  its  own  calibration  curve  with  flows  for  air  and 
water.  Because  each  meter  is  individually  calibrated  and  plotted 
with  co-ordinates  to  convert  the  curve  to  a  straight  line,  highest 
precision  is  possible  at  a  reasonable  price. 

Specially  designed  Teflon  stops  allow  standard  taper  joints  with 
precision-bore  ends  to  be  attached  to  the  meter  (joints  not  included, 
sold  separately  in  table  below).  O-ring  seals  make  this  connection 
vacuum-tight.  Taper  joints  can  be  purchased  at  any  time  and  added 
to  the  plain  tube  ends  of  the  meter.  The  assembly  is  easy  to 
dissassemble  for  cleaning. 


Flowmeters,  plain  ends 

Set  ot  loints' 

Size 

no. 

Ranges,  ml/min 

Cat. 

no. 

Price 

S/T 

no 

Cat. 

no. 

Price 

Air 

n 

1-260 

0.01-5  2 

3201 

*52.00 

10/30 

3211 

$18.25 

10-1.900 

0.2-38 

3202 

55.00 

12/30 

3212 

18.50 

200-12.000 

3-290 

3203 

54.00 

14/35 

3213 

18.50 

1 .000-36.000 

10-650 

3204 

59.00 

19/38 

3214 

20.50 

S3 

3,000-77.000 

30-1 .900 

3205 

64.00 

24/40 

3215 

22.00 

•Consists  of  one  inner  joint  and  one  outer  joint  plus  two  O-nngs 


Shielded  flowmeters 


Calibrated  and  correlated  flowmeters  with  plastic  shields 
to  guard  against  the  danger  of  sight-glass  shattering 


Shielded  flowmeters  combine  the  accuracy  of  the  flowmeters  above 
with  the  safety  of  a  tough  plastic  outer  protection  tube.  The  tulie  is 
made  of  annealed  cellulose  acetate  butyrate  plastic  with  excellent 
optical  properties  for  clear  visibility  of  the  meter.  End  bushings  are 
corrosion-resistant  polypropylene  with  Teflon’  inserts.  The  bushings 
have  standard  male  pipe  threads;  the  inserts  will  also  accept  flexible 
hose.  As  in  the  flowmeters  above,  the  fluid  comes  in  contact  only  with 
glass  and  Teflon;  it  does  not  touch  the  protection  tube  or  bushings 
Shielded  flowmeter  sizes  1,  2,  and  3  are  10"  long  x  1"  diameter  with 
'/«"  pipe  threads;  flowmeter  sizes  4  and  5  are  12'u"  long  x  l'V 
diameter  with  lh"  pipe  threads.  Shields  may  be  ordered  separately 
and  added  to  the  flowmeter  at  any  time. 


Shielded  flowmeter  complete 

HE3BEESSSBU 

Size 

no. 

Maximum  safe 
working  pressures 

Catalog 

number 

Price 

Catalog 

number 

Price 

1 

500  psi 

3201-20 

$  12  25 

3221-20 

*30.50 

2 

400  psi 

3202-20 

84.75 

3222-20 

30.50 

3 

350  psi 

3203-20 

86.00 

3223-20 

31.50 

4 

300  psr 

3204-20 

101.00 

3224-20 

45.75 

5 

250  psi 

3205-20 

103.00 

3225-20 

45  50 

•Consists  ot  outer  tub#  with  2  bushings.  2  inserts  and  2  O-nngs 
Not*:  See  flowmeter  kits  on  page  121 

Tiflefi — flag  TM  E  I  DuPont  da  Namour*  A  Co 
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Cole-Parmer  Instrument  Company.  Chicago.  Illinois  60648 
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CATALOG  NO.  500G 


Hastings 

Mass  Flow  Instruments 

for  precision  measurement  &  control 
of  gas  flow 


I 


^TTELEDYNE 

HASTINGS-RAYDIST 


Linear  Mass  Flowmeters 

for  mass  flow  measurements  of  gases 


I 


features 


specifications 


POWER: 


115  volt  il  l-.  -50/60  hz.  -  15  watt. 

For  2:10  volt  a-c,  50/60  hz  -  15  watt,  add  prefix  "E" 
to  model  number 

CABLES;  8  ft.  power  and  transducer  cables  supplied 

I  .oncer  cables  for  transducers  to  100  ft.  optional  at 
time  of  order. 

OUTPUT:  0-5  volts  d-c  into  a  load  of  2.000  ohms  or  greater. 

The  signal  ia  available  at  binding  posts  along  with 
readout  indication.  4-20  ma.  optional. 

ACCURACY:  i  1'.  of  range  for  20'r  variation  in  pressure  and 
temperature. 

±  2 of  range  over  entire  pressure  and  tempera¬ 
ture  ratings. 

LINEARITY;  ±  1  / f  of  range 

REPEATABILITY:  Vi  of  range 

PRESSURE:  0.1  psia  to  250  psig;  higher  pressure  rated  trans¬ 
ducers  available 

PRESSURE  DROP:  At  atmopsheric  pressure,  less  than  6  inches 


TEMPERATURE: 


-  tire 

of  water  at  full  scale  flow  for  all  ranges 
except  010  seem,  which  is  10”  H2O. 

(las  temperature  tin  to  100°C.  Ambient  for 
transducer  and  indicator,  0  -  40°C. 

CALIBRATION:  Direct  reading  is  for  air.  Calibration  available 
at  time  of  order  for  oxvgen,  nitrogen,  hydrogen, 
and  carbon  monoxide.  Other  gases  at  extra 
coat. 

RESPONSE  TIME:  7  seconds  to  67h  of  reading 

MATERIAL  OK  CONSTRUCTION: 

BRASS  TRANSDUCER:  Brass  base,  constantan  sensing 
tubes,  glass  seals,  and  soft  solder 
MONEL/SS  TRANSDUCER:  Monel  or  516  stainless  steel 
base.  Constantan  sensing  tubes,  eeramic/nickel  seats, 
and  copper 'silver/nickel  braze 

cabinet  dimensions:  7.75*  x  5.75'  x  5.75* 

NIM  DIMENSIONS:  5  41'  x  8.7U  x  9.68' 

WEUJHT:  Approximately  6  pounds 


•  Direct  reading  of  mass  flow 

•  No  correction  for  temperature  or  pressure 

•  Simple  multiplier  available  for  most  gases 

•  Inherently  linear  signal 

•  High  accuracy,  excellent  repeatability 

•  Low  pressure  drop 

•  Rugged  transducer  with  no  moving  parts 

•  Not  damaged  by  over-ranging 

•  Sensitivity  starts  at  zero 


<  .Omul  Mudrl 


description 


S 


Hastings  Linear  Mass  Flowmeters 
operate  on  a  unique  eleelrical  prin¬ 
ciple  without  corrections  or  compen¬ 
sations  for  temperature  and  pressure 
of  the  gas.  The  Flowmeters  are  ideal 
for  use  with -totalizers  and  recorders 
due  to  the  linear  electrical  signal. 

Standard  calibration  is  for  AIR. 

Special  calibrations  are  available  for 
other  gases  or  (be  gas  multiplier 
listed  on  page  8  can  he  used. 

Hastings  Linear  Mass  Flowmeters  do  not  require  any  period u 
maintenance  under  normal  operating  conditions  with  clean  gast- 
No  damage  will  occur  from  the  use  of  moderate  overpressures, 
overflows,  or  liquid  solvents. 


MM  l'*nr-l 


selection  chart 


SCO!/  C 

iihinet  Model 

Panel  Model 

Transdmrr 

SLI’.M 

1 15  volt 

1 15  volt 

llrass 

Monel  SS 

<)-.*»  seem 

NAI.L-5 

NALL-51* 

1 1 . 

II  5 MS 

0- 1(1  serin 

N.AI.I.  IU 

NAI.I.  I0P 

H  jo 

H  loMS 

O-.M)  seem 

NALL  50 

NALL  501  ’ 

H  .Ml 

II -50MS 

0  100  seem 

NAI.I.  100 

NAI.I.  loop 

H  loo 

II  louMS 

0  M>0  mtiii 

N  A  1.1.  500 

NAI.I.  5qo|> 

H  ">00 

11  500 MS 

0-1  slpm 

NAI.I.  IK 

NAI.I.  IK P 

H  IK 

II  1  K  MS 

0-'»  slpm 

NAI.I.  5|\ 

NAI.I.  5KP 

HM\ 

II  5K.MS 

0  JO  slpm 

NAI.I.  10K 

NAI.I.  10KI* 

II  10K 

11  lnKMS 

0  f*0  slpm 

NAI.I.  50K 

NAI.I. -50KP 

H.f>0K 

H-50KMS 

Kaiuji* 

Hanue 

Cabinet  Model 

Panel  Model 

lei 

and 

SC  IM 

SI. I'M 

115  \  olt 

115  volt 

transducer 

o 

0  1M» 

NAIII.  .5 

NAIII. -51*  1. 

’> 

u  II  IMS 

M  10 

0 -’01) 

N-MIL  10 

NAIII.  lol*  1. 

10 

w  II  IMS 

n 

0  TM) 

Will.  25 

NAIII.- 251*  1. 

L>r’ 

w  II  IMS 

O  M» 

0  J.MH) 

N  MIL  50 

NAIII.  -MH*  1. 

Md‘ 

w  II  IMS 

o  n»o 

0  ,UH  HI 

NAIII.  lou 

NAIII.  tool*  1. 

|OM|- 

w  II  IMS  • 

O  JC  H » 

0 -ail  l(  Hi 

NAIII.  joo 

NAIII.  JOOP  1. 

joi»J*' 

»  II  IMS 

0  -  ftOO 

0-  1-VOOM 

NAIII.  500 

NAUL5IXIP  1. 

\u\y 

w  11  IMS 

1  .amin 

ir  Il*i\v  elements  ami  transdueer  conMruelmn  l»>r 

all  NAIII.  , 

ranges 

are  stamle 

ss  sleel  ini»nel 

K«*r  J 

\«>lt .  acid 

prefix  “K"  In  m 

•fie!  nuudier. 

